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EXECUTI VE SUMVARY

This plan contains the Federal Aviation Adm nistration (FAA)
Technical Center's five-year research agenda for flight deck
human factors research. The purposes of the plan are to
establish a coherent research approach, nanage resources, provide
a neans to communi cate Technical Center planning, and trace study
results to National Human Factors Plan research requirenents.

The phil osophy of the plan is based on the needs of its
custoners, who include: FAA Aircraft Certification and Standards
Services, Capital Investnent Plan programoffices, and the users
of the National Airspace System (NAS). Custoner requirenents
determ ne research questions and priorities, allocation of
resources, and notivation for cooperation with governnent and

i ndustry organi zati ons.

Prior to witing this plan, a substantial amount of effort was
expended to determne salient near termissues, in addition to

| onger termprojections of aircraft capability and air traffic
control (ATC) systemtechnology. This perspective was adopted
for two reasons: (1) the focus of planned studies can be nore
applicable to a broader range of technol ogy, and (2) the scope of
studi es actually perforned can be increased to provide greater
efficiency and enhanced realism Thus, the studies defined in
this plan are based on information acquisition through literature
searches, sinulations of varying degrees of fidelity, and flight
test of prototype avionics.

A cornerstone of this plan is cunul ative know edge. Through its

i nvol venment with industry conmttees, the Technical Center wll
strive for common neasures so that results of research can be
conpared in context, whether the research is perforned by the FAA
or by National Aeronautical & Space Adm nistration (NASA) or

ot her governnent or industry organizations.



1. | NTRODUCTI ON.

Thi s docunent defines a five-year research plan to be pursued by
t he Federal Aviation Adm nistration (FAA) Technical Center's
Airborne Data Link (ADL) program The enphasis is on exam ni ng
flight deck human factors issues and buil ding/testing associ at ed
avionics. Wile the enphasis is on Data Link and the flight
deck, a systens |evel awareness will be established and

mai ntained. This is an absolute requirenent for several reasons.
One reason is the range of technol ogi es and systens on or

avai lable for the flight deck. Another is the range of flight
deck types that nust be addressed: air transport, commuter, and
general aviation.

The FAA Technical Center has traditionally perfornmed test and
evaluation (T&E) activities. |In the area of ADL, the FAA
Techni cal Center has adopted a research posture through
centralized expertise. The recently established Human Factors
Laboratory is a major step. Another step is the aggressive
staffing of specialized human factors and systens personnel
within the project office. In addition, the use of existing
testbeds for research and devel opnment adds realismto the Data
Li nk devel opnent process.

Data Link represents but one major change on the horizon for

avi ation. Exanples of new or future systens that need to be
considered in the flight deck Data Link devel opnment process
include the followng: Traffic Alert and Collision Avoi dance
System (TCAS), Low Level Wnd Shear Alert System (LLWAS), d obal
Posi tioning System d obal Navigation Satellite System (GPS/ GNSS)
and the Electronic Library System (ELS). Exanples of new or
future systens that need to be considered in the air traffic
control (ATC) Data Link devel opment process include the
followng: Automated En Route Air Traffic Control (AERA)

Aut omati on System Automatic Dependent Surveillance (ADS), and

t he Advanced Automati on System (AAS).

Exi sting National Airspace System (NAS) support facilities wll
be used by a nultidisciplined group of personnel to address the
mul titude of issues relative to the inplenentation of an air-to-
ground Data Link system FAA Technical Center ATC sinulation
resources, coupled with both internal and external aircraft

simul ati on resources, provide a capability to conduct full scale
"end-to-end" testing. The flexibility inherent in these testbed
systens permt rapid reconfiguration to support fast track FAA
system i npl enent ati ons.

The devel opnent of additional testbeds, and enhancenents to
existing testbeds, will be proposed. This will be acconplished



to help in the transition fromtoday's NAS to the AAS of the
future. Further, the flight deck testbeds will be enhanced to



permt exam nation of a full range of aircraft types, including
currently defined aircraft through future generation aircraft.
This plan will recomend both internal and external research
efforts. Cooperative research progranms with airlines, other
governnment, and industry will be proposed where clear benefits
can be identified for all interested parties. A cornerstone in
this plan is the idea of cumul ative know edge and conmon
measures. Every research effort will contribute to and build on
a central know edge base. Since a variety of organizations are,
and will continue performng Data Link research, a common set of
human performance neasures will be proposed to all ow interagency
conparisons. Utimately, the research performed nust provide
material for regulatory activities and future ATC systens design
efforts.

1.1 ORGAN ZATI ON OF THE PLAN.

It is the intent of this docunent to provide the reader with a
pi cture of the FAA Technical Center Data Link human factors
research roadmap. Section 1 is a detailed introduction of the
pl an. Areas of discussion include purpose, philosophy, custoner
identification and their requirenents, research tools,

obj ectives, and products.

Section 2 describes the research nethodol ogy. This section
specifies the major parts to the systens desi gn nodel being
adopted by the FAA Technical Center. A Statenent of Need is
provi ded. Functional requirenents are established. Sections are
i ncluded to discuss know edge acquisition, problemdefinition,
concept exploration, and denonstration/validation.

Section 3 contains an extensive discussion on the eval uation
efforts planned over the next five years. This section gives the
actual research roadmap that will be followed by the airborne
Data Link group at the FAA Technical Center and a specification
of the research tools to be used. Also provided is a Gantt chart
of both airborne research activities and the joint end-to-end
test activities (FAA Technical Center airborne and ground Data
Link groups). This section also indicates which National Plan
for Aviation Human Factors requirenents are satisfied as a result
of the FAA Technical Center research. A conformance matrix lists
research activities, issues, and National Plan references.

Section 4 contains informati on on basic resource requirenents
i ncl udi ng peopl e, equipnent, and funding. Finally, references
are provided along with several appendi xes to support the plan.

1.2 PURPOSE OF THE PLAN.




There are several reasons for this plan. One reason is to
establish a definitive research approach. Another reason is to
provide a franmework to manage resources, including facilities,

equi pnent, and personnel. A third reason for the planis to
insure that the requirenents in the National Plan for Aviation
Human Factors are satisfied by FAA Technical Center research
efforts. Finally, the plan identifies the need for cooperative
research efforts and nmethods of inplenentation of the cooperative
efforts. An overview of each of the reasons is found bel ow

1.2.1 Establish Research Approach.

The plan is to provide a coherent and systematic nmethod for

achi eving specific levels of Data Link inplenentation in the NAS
at specific points in the future, out to five years, at |east.
The plan and future revisions will be coordinated with system
user groups and other interested parties so that all current
requi renents are being addressed and that new i ssues are tracked.
A systens engi neering nodel has been adopted to guide this

mul ti faceted program This approach defines a building bl ock
approach and denonstrates the notion of cumul ative know edge
which will be discussed |later in nore detail.

Figure 1 presents a bl ock diagram which shows the major parts of
t he approach. The four major sections are: problemdefinition,
scenari o devel opnent, eval uations, and support tools. Problem
definition involves identifying needs, services, nediuns, issues,
and defining research groups and neasurenent criteria. Scenario
devel opment involves defining classes of flight scenarios which

i ncl ude both routine and abnormal events. Scenarios wll be
necessary that involve donestic en route, donestic term nal,
donestic gate-to-gate, oceanic, and foreign environnents.
Commerci al and general aviation aircraft nust be represented in

t he devel opnent process.

The support tools section involves testbed devel opnent. The
eval uation section involves the neat of the research. A related
effort that is necessary is know edge acquisition, that is,
literature searches, technol ogy and systens awareness, surveys
and interviews, and industry awareness. Each of these sections
are discussed in detail in the remainder of this research plan.

1.2.2 Manage Resources.

A program of the size and conplexity proposed by this docunent
requires the careful allocation of resources, including
facilities, equipnent, and personnel. FAA Technical Center
facilities and equi pnent (F&E) nust frequently be schedul ed



several nonths in advance; cooperating research agencies require
sim | ar advanced schedul es.

The flight deck equi pment support devices to conduct Data Link
research is frequently special order in nature and nust be
requested nonths in advance. Staff requirenents in the form of
government and contractor personnel nust be carefully considered
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FIGURE 1. FAA TECHNI CAL CENTER DATA LI NK RESEARCH APPROACH
in ternms of nunbers and skill levels. Al resources nust be
scrutinized continuously to deci de when changes are needed so as
to meet schedul e deadl i nes.

1.2.3 Satisfy National Human Factors Research Pl an Requirenents.

The activities described in this FAA Technical Center plan are
intended to fulfill the global requirenments specified in the
Fl i ght Deck and Flight Deck/ATC Integration sections of the
Nat i onal Human Factors Research Pl an devel oped by FAA
headquarters. The Flight Deck Environnent section of the

Nati onal Pl an describes six "domai ns" that are groups of rel ated
efforts. Appendix Alists the six domains and the associ ated
projects. Section 3.3 will provide a discussion on how
conponents of the plan relate to sel ected National Plan



requi renents and how the requirenments are net by FAA Techni cal
Center research

The ATC section of the National Plan describes four research
"domai ns" that are groups of related efforts. Appendix B lists
the four donmains and the associated projects. A separate FAA
Techni cal Center research plan covering ATC i ssues exists; these
ATC domains are listed only for the conveni ence of the reader.
The Flight Deck/ATC Integration section of the National plan

di scusses four "plans"; each plan has several goals. Appendix C
lists these plans and associ ated goal s.

A variety of people skills and experience |evels nust be

mai nt ai ned. FAA personnel, cooperating agency personnel, and
support contractors will forma nultidisciplined teamto address
the i nplenmentation of Data Li nk communi cati ons.

1.2.4 Establish Cooperative Research Agreenents.

A key elenment of this research plan is the ability to establish
research agreenents with contractors, governnent research

| aboratories, mlitary, and universities in a tinmely manner. Sone
of these groups will be international in nature. The FAA

Techni cal Center's ADL G oup, organizationally designated ACD
320, has the follow ng agreenents in place or available as

opti ons:

a. Cooperative Research and Devel opnent Agreenents (CRDA) -
technol ogy transfer agreenents between the FAA Technical Center
and various avionics manufacturers.

b. Small Business Innovative Research (SBIR) efforts - Smal
busi ness contract awards for |limted scope research prograns.

c. Interagency Agreenents (1AA) - AA's with the Nationa
Aeronautics and Space Adm nistration and the United States Air
Force (USAF) are currently in place, and provide the Technical
Center with access to research ongoing in the mlitary comunity.

d. Intergovernnment Agreenents - An annex to a Menorandum of
Cooperation between the United States governnent and the Kingdom
of the Netherlands has been established, and is useful to assure
consi stent Data Link operations in U S. Donmestic and European

ai rspace

e. University Grant Prograns (UGP) - The FAA Technical Center
has an aggressive UGP that al so establishes Centers of

Excel l ence. Centers of Excellence are consortia of universities
teamed to amal gamate resources. University grants are awarded to



i ndi vidual universities to capture a particular aviation
experti se.



1.3 DATA LI NK HUMAN FACTORS RESEARCH PHI LOSOPHY.

In its system devel opnent process, the FAA stresses the
criticality of user inputs at the specification stage, before the
systens design is conpleted. Human factors considerations
accounted for early in the design process, before Key Decision
Point (KDP)-3, are much less costly to incorporate than at a

| ater stage, Operational Test and Evaluation (OT&E). The ability
to incorporate human factors early requires a facility equi pped
to eval uate design ideas under consideration in a tinely and
efficient manner. One such facility is provided by the gathering
of rapid prototyping software (RPS) and graphi cs workstations.

RPS and graphi cs workstations provide a sinulation capability of
al nost an unlimted nature. Current concepts can be simnmulated
and tested. Furthernore, concepts beyond the capability of
current fielded systens can be investigated for potenti al

useful ness in the real world.

Were financially and technically feasible, existing flight deck
subsystens will be used along wwth RPS. This wll provide the
ultimate in research and design capability. Sonme reasons for
using a mx of real and sinul ated equi pnent are as foll ows:

a. Prototype designers have ready access to operations equi pnent
to study limtations, and nore closely enul ate existing systens
wi t hout guessi ng.

b. Controller teans participating in concept testing can devel op
a nmental context baseline by "warm ng up" on existing systens
before noving to the prototypes.

The FAA Technical Center has existing NAS equipnment in its
Nat i onal Sinulation Support Facility (NSSF). The addition of
prototypi ng equi pnment is a conparatively small and inexpensive
step to conplete this facility.

1.4 CUSTOMER | DENTI FI CATI ON.

The primary custoner of the Technical Center is FAA Certification
and Flight Standards. Certification personnel in the FAA
anticipate the need for additional information about Data Link
human factors. The other custoner of the Technical Center is FAA
Capital Investnent Program (CIP) office. Longer term systens
devel opment projects under the CIP wll especially require inputs
fromthe human factors community. Also, the needs of the

avi ation community nust be taken into consideration. The range
of users and the capabilities nust be accounted for in both
current and future systens devel opnents. Systens and procedures



w || be devel oped that nmust be incorporated into the airspace
system

1.5 CUSTOMER REQUI REMENTS.

Thi s FAA Techni cal Center research plan addresses several problem
areas. The basic notives of the FAA are to maintain or enhance
the safety, efficiency, and capacity of the nation's airspace
system These notives can only be obtained through careful study
of the systens issues surrounding aviation Data Link. Human
factors issues account for many of these systens issues. Current
voi ce radi o network problens, coupled with the projected

wor|l dwi de growth in air traffic, point to the need for research
on Data Link systenms. The inplenentation of a Data Link into the
ai rspace system demands the careful application of human factors
engi neering principles into the system design process.

The term "Data Link" has purposely been kept anmbi guous. This is
because Data Link nmay be either a satellite-based system a very
hi gh frequency (VHF) system a Mdde S radar beacon system or
sone conbi nation. This research plan will be witten with this
awar eness. Research will be conducted to assess the differences
between the link nodalities. Also, the effects on the flight
deck during technology transitions or transitions between

nmodal ity coverages (e.g., oceanic satellite to donestic Mdde S)
wi |l be studied.

1.6 RESEARCH TOQLS.

One effort to be acconplished in conjunction with this planis to
devel op additional research testbeds and perform enhancenents to
existing testbeds. This effort is to insure that the FAA

Techni cal Center remains at the forefront of aviation research
capability. The heart of the testbed is the NSSF. The FAA
Techni cal Center hosts tenant FAA organi zations charged with NAS
conponent nai ntenance and software control. The FAA Techni cal
Center maintains en route (Host) and term nal ATC systens in
operational status in the NSSF. As operational site problens

ari se, FAA Technical Center personnel use these systens to
reproduce the problem and devel op "fixes" either in hardware or
software. All affected systens nationwi de are patched into the
fix.

These sane ATC sinul ation systens are avail able for research and
devel opnent of Data Link products and services. Such a facility
i s indispensable for sizing, performance, or benefits studies of
Data Link services inplenentations. Access to specific aircraft
types is required depending on the Data Link/aircraft

10



configuration being studied. Phase Il and Phase Il cockpit

si mul ators have been training tools for a nunber of years and can
be made avail able for research purposes. Finding increased
utility, however, are cockpit trainers based on a conputer image
generation (CI G of instrunents and visual scenes. The thinking
here is that a graphics- based cockpit simulation will offer
sufficient fidelity for Data Link applications studies. The

process of matching sinulation devices to testing efforts will be
a continuous effort in order to renain current with advances in
capabilities and requirenents.

1.6.1 Reconfigurable Cockpit System (RCS)

The FAA Technical Center will soon conplete the devel opnent of
the RCS. This RCS, |ocated at the FAA Technical Center, wll be
reconfigurable by virtue of its ClIG capability and will be
classified as a Flight Training Device (FTD). A second RCS is
desired which could be configured to the "side-stick" style
common to Airbus aircraft.

A goal of the RCSis to provide a research tool to the FAA

Techni cal Center testbed that supplies the flexibility to support
CIP and certification office requirenents froma human centered
flight deck perspective. To a degree, the fidelity of RCS can be
varied by the addition of various hardware conponents, e.g.,
radi o control panels, electronmechanical instrunents, etc. This
is in addition to the RCS capability to mmc, through software,
essentially any flight deck.

1.6.2 Cockpit Simulation Network (CSN)

A full fidelity cockpit sinmulator facility is expensive and
difficult to maintain and the center does not currently have the
capability. To gain the capability w thout the associ ated
expense, a nunber of aircraft sinulators has been networked via
hi gh speed tel ephone circuits back to the FAA Technical Center
NSSF. Under this proposal, access to al nost any aircraft
sinmulator is provided for the cost of the tel ephone lines and a
nom nal cost per flight hour.

The process of adding simulators reflects the need to add the
correct or appropriate sinmulators for the research being
performed. Advisory circulars 120-40B (Airplane Sinul ator
Qualification) and 120-45A (Airplane Flight Training Device
Qualification) describe the level of sinmulator fidelity

requi renents given a task requirenment. For exanple, procedural

i ssues can be investigated in an FTD, while energency managenent
or operator certification nust be performed in a high |evel

simul ator (Phase IV) of the aircraft under investigation. It is

11



interesting to note that notion and terrain visuals are really
not factors in simulator fidelity requirenents.

The current network of simulators is conposed of a Boeing Seattle
B-747- 400, a NASA Anmes B-727, a Delta Airlines B-737, an FAA B-
727 (Cklahoma City), the FAA Technical Center General Aviation
Trai ner (GAT), and an Avia Corporation B-727. Oher sinulators
can be tied into the FAA Technical Center as the need warrants.
Additional simulators in the United States and Europe will be
added to the network in the future. A B-747 sinmulator |ocated at

12



the National Aerospace Laboratory in the Netherlands is expected
to be added to the network soon.

An area that will soon need attention is how the nodification of
sinmulators for Data Link evaluations mght affect certification
of the devices used in experinments. A nunber of agencies wll be
a part of the process of |linking sinmulators together: flight
standards (FAA HQ, aircraft certification (FAA HQ, procedures
(FAA HQ, training (FAA HQ, the simulator owner, etc. The
process wll be involved and will require tinme. Again, the

advi sory circulars discussed will be consulted for rel evant

i nformati on.

1.7 RESEARCH OBJECTI VES.

Specific objectives can be defined as a result of review ng
Nat i onal Human Factors Aviation Research Plan requirenents and an
awar eness of customer requirements. The primary objectives of
this research are to perform cooperative research, establish a
cunmul ati ve know edge dat abase, and satisfy CIP notives. A basic
prem se of human factors will be followed, that is, the systens
devel oped nust accentuate human capabilities while accounting for
human limtations. Tests and evaluations will be based on
accepted human factors principles and net hodol ogi es.

An extensive network of testbed facilities and associ ated
evaluation tools wll be established from cooperating

organi zations around the world. All research wll be cunulative
in nature, i.e., know edge wll increase with each study. The
FAA charter to maintain and/or increase safety, efficiency, and
capacity is paranount in the FAA Technical Center plan. The
definition of goals and objectives then |l eads to a specification
of research products (section 1.8).

1.7.1 Conduct Cooperative Research

Cooperative research becones the first clear objective. It is
not enough to say that the FAA Technical Center is going to
performresearch that will support certification and satisfy the
National Plan, etc. Synergistic gains, finite resources, and
national interests in technol ogy | eadershi p mandate cooperative
research with governnment and industry |aboratories. Cooperation
anong research centers inplies comobn neasures of human
performance, and agreenents for data collection and distribution
in published form

1.7.2 Establish Cunul ati ve Knowl edge Dat abase.

The second clear objective is an infornmation base of cumul ative
know edge. Cunul ative know edge results fromboth the FAA
Techni cal Center research to satisfy stated requirenents and the
cooperative research efforts. The product of the cunulative
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know edge base should be structured toward custonmer support,
Nati onal Plan data requirenents, etc. The cunul ative nature of
t he know edge base nmandates that comon human performance
measures be col | ect ed.

1.7.3 Satisfy CIP Motives.

Athird objective is to ensure that safety, efficiency, and
capacity are nmaintained at current |evels, and where possible,

t hey should be increased. Data Link will represent a significant
change in aviation; the change nust be positive.

1.8 RESEARCH PRODUCTS.

The main product of the research proposed in this plan is
information. The information will be contained in a relation

dat abase (as discussed in the National Plan). The information
wll take the form of exhaustive research reports which specify
desi gn recommendati ons. The information nust neet the
requirenents of the identified custoners, the information nust be
provided in a tinely manner, and the results nust be above

repr oach.

2. RESEARCH METHODOLOGY

There are sone fundanental areas that need to be addressed in the
near term These areas will influence the comm tnent of FAA
resources and dictate the manner in which research will be
conducted. Again, a systens engi neering nodel has been adopted
to guide this multifaceted programand this is evident in the
research net hodol ogy outlined bel ow

2.1 STATEMENT OF NEED

A large portion of all aviation incidents are a result of
comruni cations problens. Aviation conmunications nust be
enhanced to reduce these errors. Human factors principles nust
be applied to the design of the next generation aviation
communi cati ons system

2.2 ESTABLI SH FUNCTI ONAL REQUI REMENTS.

The establishnment of functional requirenents in this situation
results in a rather broad based statenment. The Data Link
interface will be somewhat unique to each aircraft type. The
interface will need to neet a mninum | evel of operational
capability in ternms of nessage display and pil ot response.

2.3 KNOWEDGE ACQUI SI TI ON.

The process of gathering information will involve literature
searches and surveys of rel evant organizations such as
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airframers, avionics manufacturers, industry, pilot, and
controller groups. Design information will be gathered by
assessing information available in the National Aeronautical &
Space Adm nistration (NASA)/FAA Aviation Safety Reporting System
Nat i onal Transportation Safety Board (NTSB) accident reports wl|
be reviewed as appropriate to glean data useful to systens

desi gners.

Avi ation research has produced an abundance of literature in
topi cs regardi ng human perfornmance. The anmount of supporting

literature will continue to grow. It will be necessary for the
researchers to follow nost of this literature if possible, or
have rapi d access when needed. A central "library" for Data Link

w Il be established at the FAA Technical Center. The library
will permt quality research through know edge of past research
and projections of future requirenents and technol ogi es.

The National Plan has an objective of devel opi ng and mai ntai ni ng
a rel ational database of issues, projects, and rel ated Research
and Devel opnent (R&D) efforts. The FAA Technical Center w ||
devel op such a Data Link human factors database and library.

2.3.1 Literature Searches.

An enornous body of literature exists on aviation issues. An
organi zed search effort nust be perfornmed to find that
information relative to this Data Link project. Searches wll be
performed on data bases at the National Technical Information
Service (NTIS), the Defense Technical Information Center (DTIC)
and various |ibraries at the FAA and cooperating organi zations
(e.g., NASA, USAF, universities).

2.3.2 Industry Awareness.

Several organizations exist which have extensive know edge to
bear on Data Link and human factors in aviation. Table 1
contains an abbreviated |ist of these organi zations. These

or gani zati ons have uni que skills and know edge to bear upon the
area of Data Link human factors and as such will be used as
appropriate. Qher organizations will be involved in Data Link
as appropriate to maintain a systens approach in the devel opnent
of flight deck Data Link systens.

TABLE 1. | NDUSTRY ORGANI ZATI ONS
ALPA Air Line Pilots Association

ATA Air Transport Association

APA Allied Pilots Associ ation

Al AA Anerican Institute of Aeronautics and Astronautics
HFS Human Factors Society

| ATA International Air Transport Associ ation

RTCA Radi o Techni cal Conmm ssion for Aeronautics
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SAE Soci ety of Autonotive Engi neers

The FAA Technical Center supports several commttees wthin these
organi zations, for exanple, the RTCA SC-169 Comnmttee, the ATA
Human Factors Task Force, and the G 10/ Human Behavi or a

Technol ogy commttee of the SAE. These organi zations help to
define pertinent issues, questions, and associated priorities. A
general note regarding conmttee involvenment is appropriate at
this time. FAA Technical Center researchers strive to remain
current in issues by attending many neetings and synposiunms. In
strictest terns however, FAA policy guidance is to cone only

t hrough Federal Advisory Commttees (RTCA is such a conmttee).

The FAA's Human Factors Coordinating Commttee (HFCC) in the
office of Chief Scientific and Techni cal Advisor for Human
Factors (AXD-4), also provides research requirenents.

Organi zati on support by the FAA neans regul ar attendance and
participation in the primary ad-hoc teans. The teans work to
address action itens and to prepare |imted-scope witten
material for inclusion into mnutes. Attendance at other
organi zati onal neetings will occur as resources permt.

2.3.3 Technol ogy Awareness.

This section contains an analysis of anticipated FAA products as
obtained fromthe CI P, FAA Research, Engineering, and Devel opnent
(RE&D) plan, and Data Link program office projections of service
evolution. Figure 2 |links the products of these three areas
together. It shows projections for the transport and conmuter
fleet on the sanme tine scale as the NAS devel opnent plans. The
information contained is useful in determning priorities to

pl ace on research issues. For exanple, the figure indicates that
t wo- engi ne narrow body aircraft will nunber approxi mately 1900 by
1995 when en route and termnal Data Link service begins. |ssues
relative to certification of these aircraft are consi dered high
priority research itens.

Significant airspace capacity gains mandate increased use of
automation in the air and on the ground. Future aircraft flight
managenent system (FMS) functions, such as preferred routings,
and four-dinensional functions, require Data Link access to the
FMB. A function anal ogous to a Flight Managenent Conputer (FMO)
built in sinmulation is perceived to be very useful. FAA projects
such as Flight Operations and Air Traffic Managenent Integration
(FTM ) see the usefulness in having an FMC function avail able for
concept devel opnent purposes before incurring the expense of
flight trials. Simulated FM5 is an inportant first step. Future
generation aircraft will have distributed information processing
and di splay capability so that the FMS conputer function wll not

16



be centralized. The devel opnent of an FMS sinmulation facility
should track the distributed avionics functionality phil osophy.
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2.3.4 Arline Surveys.

Data Link wll continuously evolve into the NAS as systens becone
avai |l abl e and econom c considerations permt. ADL avionics nust
be made available for a variety of aircraft classes including al
commercial, mlitary, and general aviation aircraft. 1In the
commercial aviation area, for exanple, there are many flight deck
configurations that are unique and wll require specific research
and avionics. The possible flight deck configurations include

el ectromechani cal (first-generation), "glass" (second-generation,
e.g., B-767), "glass/fly-by-wire" (third generation, e.g., B-

777) .

The current mx of flight decks in the NAS, according to Townsend
(1992), is about 60 percent el ectronmechanical and the rest first
generation glass. This mx is under constant change as airlines
upgrade their fleet to include the nore efficient "gl ass”
aircraft. The glass flight deck presents opportunities for
integrated Data Link that el ectromechanical aircraft do not.

El ectronechanical aircraft will require retrofitting of systens
to support Data Link functions. A constant awareness of the
fleet conposition is required to best direct research activities.
The FAA Technical Center will constantly nonitor the fleet
conposition and the plans by the airlines in terns of Data Link
systens. In addition to the commercial fleet, an awareness of
the other aircraft classes and the flight deck capabilities wll
be mai nt ai ned.

2.3.5 Aviation Safety Reporting System (ASRS).

Ext ensi ve use of the ASRS will occur to support Data Link
research activities. Specific areas of interest that wll be
researched as soon as possible are crew alerting, party line
content and quality, and crew workl oad. Wien appropriate, NISB
incident reports will be studied for data pertinent to the design
process.

2 4 PROBLEM DEFI NI Tl ON

The FAA Technical Center will take an active role in the
identification of Data Link issues that require research
Potential issues will be determned in a variety of nethods, as
di scussed above. The issues identified will be fed into the FAA
Techni cal center issues data base.

2.4.1 ldentify and Prioritize |ssues.

Data Link inplenentation is a nultilayered problem The
augnentati on of voice with Data Link involves several aircraft
specific issues. Exanples include avionics systens integration,
flight crew interaction, energency and error recovery, and

cl earance negotiation based on aircraft performance. Simlarly,
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ai rspace systemissues such as situation awareness (SA),

si mul t aneous mul ti pl e approaches, and preferred routing anong
m xed performance aircraft dictate studies using type specific
aircraft or aircraft sinulators.

In the evolution of ATC, the controlling body has been not only
the primary source of situational information, e.g., weather and
traffic, but also had ultinmate control over the pace at which
informati on was delivered. Control pace per aircraft and rhythm
anong several aircraft caused the party |ine and, nore
inmportantly, kept pilots and controllers in a common nental
framework or context. As aircraft nake increasing use of
automation, situation information wll be derived fromdiverse
el ectronic sources, which may arrive in clusters triggered by
uncorrel ated external events and possibly w thout controller
knowl edge or intention. Critical problens to be studied include
the separation of pilot-controller nental context and unmanaged
i nformation | oadi ng.

The testbed required to study this context problemis a cockpit
wher e aut omat ed systens including Data Link may be progressively
added (perhaps in a pick and choose fashion) to anal yze the
information | oadi ng and systeminteraction.

The inplenmentation of Data Link into the NAS has rai sed several
research issues relative to the flight deck, the crew, the
controller, and the "system" This attention wll primarily be
sone | evel of formal research. Sone issues may be "tal kabl e"
however, that is, may be addressed through anal ysis by
appropriate subject matter experts. The various organi zations
mentioned earlier (i.e., RTCA, ATA, and SAE) have been
instrunmental in devel oping and docunenting these issues. These
t hree organi zati ons have prepared issues lists to track research
progress. O the three lists, the ATA Data Link human factors

i ssues |ist has been selected as the primary list for this
research plan. Appendix D contains the results of a recent task
by the FAA Technical Center that conpared and contrasted the

i ssues |ists.

The ATA Data Link group has determ ned that the nost efficient
met hod to address the issues would be to devel op task groups or
cl asses of issues. These groups would then |end thenselves to
defining the pertinent research questions that could be attacked.
Defined in the ATA list are four groups: procedures, errors,
human i nterface design, and SA. This task groupi ng approach was
chosen for a variety of reasons:

a. Provides a framework to link research activities together.

b. Identifies studies not contained in any issues |ist.
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c. Establishes priorities and sequences of research
activities.

d. Better match of Faa Technical Center resources to the
research requirenents.

e. Selects the proper research tool s/ nmethods for the issue
under considerati on.

The FAA Technical Center selected this ATA |list and grouping
nmet hodol ogy to achi eve the foll ow ng:

a. Goup task structures fromthe perspective of end-to-end
testing.

b. Goup task structures to show how studi es such as ASRS
searches support other nore extensive research efforts.

C. Goup task structures to be aircraft and ATC i ndependent,
conpl ete and honobgeneous, and deconposable into el enment tasks.

d. Task groupings nust nmake sense fromthe needs of ATC
designers, aircraft certification, and the FAA's major m ssion
notives of safety, efficiency, econony, and security.

e. Task groupings nust capture the "rubber-neets-the road"
nodal ity of actual flight conditions.

Table 2 contains the ATA list of Data Link human factors issues;
the issues are categorized by the four task groups. The ATA
conducted a survey in which respondents ranked the issues in
order of research inportance. Several groups responded to the
survey, e.g., certification, airframe manufacturer, aviation
research, etc. Table 2 lists the nunbers that correspond to the
i nportance ranking of the issue. Mich work has been done by

t hese organizations to |list, discuss, order, and publish these
lists. The interested reader is encouraged to obtain the

origi nal docunent for further information.

G ven the Faa aircraft certification and standards are the
primary customers of the raa Technical Center, their rankings
were specifically identified (see table 3). Only those issues
rated in the two highest categories (of five) are listed. Al so,
in consideration of these rankings and the Data Link

i npl enent ati on schedul es, the issues have been further
categori zed (see figure 3). The nunbers listed refer to the
ranki ngs provided by the survey's respondents (see table 2).

2.4.1.1 Procedures.

The incorporation of Data Link into the flight deck wll
represent a significant change in roles and responsibilities
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TABLE 2. DATA LI NK HUMAN FACTORS | SSUES BY GROUPS

Nunbers correspond to overall inportance ranking.

Pr ocedur es

1 Data Link protocols

8 Ef fects of del ayed unabl es
14 Modi fications to clearances
15 Function all ocation
17 Data distribution
18 Data Link inplenmentation evolution
24 Emer genci es and transitions between energency and nonenergency states
27 Pilot flying/Pilot not flying procedures
28 M xed envi ronment
36 Negoti ati ons
37 Currently nonexecutabl e cl earances
Errors
9 Effects of controller errors
11 Opportunities for error checking
12 Pilot detection of controller errors
16 Conmmuni cati on sequence errors
19 Pil ot detection of other pilot errors
23 Error recovery procedures
26 Controller detection of flight crew errors
35 Level s of invol venment
42 Proficiency |oss
45 Pilot detection of other aircraft errors

Hurmen i nterface design

2 Di spl ay surfaces, types and | ocations
3 Shar ed di spl ays

6 Crew al erting nechani sns

7 Expiration tines

10 Formats and contents

13 Priority displays

21 St andar di zat i on

25 Message di spl acenent

29 Menu desi gn

30 Synt heti ¢ voi ce displays

31 Cl earance eval uati ons

32 Recovery from accept/reject errors
33 Definition of inhibit Logic

38 Li nk status displays

39 Di spl ay ordering and response facilitation
40 Di scr epanci es

41 “Too quiet flight deck

44 Sel ection of information sources

Si tuation Awareness (SA)

4 Ef fects of response delays on controller SA

5 Crew i nformation transfer

20 Data Link integration with other cockpit technol ogies
22 Party |ine conpensation

34 Si tuati on awar eness recovery
43 I ndependent confirmation
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TABLE 3. FAA CERTI FI CATI ON AND STANDARDS SURVEY

RESPONDENTS RANKI NGS

Dat a Li nk protocols

Di splay surfaces, types and | ocations
Shared di spl ays

Crew i nformation transfer
Crew al erting nechani sns
Expiration tines

Ef fects of del ayed unabl es

Effects of controller errors
Formats and contents

Qpportunities for error checking
Modi fications to cl earances

Data Link inplenentation evolution
St andar di zati on

Party |ine conpensation

Emer genci es and transitions between energency and

nonener gency status.

Controller detection of flight crew errors

Pilot flying/Pilot not flying procedures
Synt hetic voi ce displays
Negoti ators
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Data Link Issues
Ai rspace vs. Research Priority

Alrspace
Research
Priority Cceani c En route Ter m nal
Hi gh 1, 2, 3,9, 10, 11, 1,2,3,5,9,11, 12, 1,4,5,6,8,9,
Priority 12,14, 19, 23, 26, 19, 23, 26 11,12, 13, 19,
31, 36, 37,41 22, 23, 25, 26,
27,32,33, 34
Medi um 4,5,16, 17, 20, 4,6, 8, 10, 13, 14, 2,3,10, 17, 20,
Priority 21,24 16, 17, 20, 21, 22, 21, 24, 30, 39,
24, 25, 27, 28, 31, 40, 45
— 32, 34, 36, 37, 41
Low 6, 7,8, 13, 15, 18, 7, 15, 18, 29, 30, 33, 7,14, 15, 16, 18,
Priority 22, 25, 27, 28, 29, 35, 38, 39, 40, 42, 43 28, 29, 31, 35, 36
30, 32, 33, 34, 35, 44, 45 37,38,41, 42,43
38, 39, 40, 42, 43, 44

44, 45

Nunmbers refer to ATA Data Link Survey rankings - docunent dated
8/ 25/ 31

FIGURE 3. ATA I SSUES W THI N AN Al RSPACE BY RESEARCH
PRICRI TY MATRI X

anong other things. Procedures will need to be devel oped,

exam ned, and validated to neet the needs of a new flight deck
environnent. Consideration will need to be given on a
real l ocation of man and machi ne roles. These procedures mnust be
finalized prior to flight deck inplenentation.

2.4.1.2 Errors.

The issue of errors is increasingly critical given the increases
in automation on the flight deck (and controller's console).

The transfer of information fromthe Data Link to other flight
deck systens (for exanple, the autopilot flight director systen)
must be done with the conpl ete awareness of the crew. Errors
can mani fest thensel ves at many points within the system the
originator can be the controller, the crew, and other aircraft
crews. The system nust have checki ng nechani sns and recovery
routi nes.
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2.4.1.3 Human Interface Design.

This task group considers the flight deck "systenl and the crew
interactions with automated systens and Data Link. O particular
interest is the effect of nmultiple systens conpeting for crew
attention. Miltiple independent systens can upset the rhythm
between pilots and controllers, thus, placing high peak denands
on nenory and decision making abilities. A reduction in the

| evel of voice comrunications is expected to upset task
synchroni zati on and error checking/task validati on.

Arelated topic is the efforts of potentially conflicting
information, for exanple, ATC Data Links, ATC voice, TCAS, and
LLWAS. Sonme questions to be addressed are as follows: when and
what information sources should be inhibited and how to reduce
redundant or superfluous infornmation.

Addi ti onal human performance neasures may result fromthis group
Action sequence diagrans wll|l be devel oped that descri be observed
flight deck events, both correct and incorrect. Gven a
particular flight deck configuration, an event (e.g., Data Link
message alert) will initiate an action sequence. These events
and the resulting outcone will define a sequence nodel and
probabilities can be established for each branch of the sequence
di agram

2.4.1.4 SA

The issue of SAis critical. Concerns exist that SAwll be
significantly degraded because of the addition of Data Link into
the flight deck. Pilot-pilot and pilot-controller awareness are
key areas, as are issues such as recovery fromthe | oss of SA
The issue of SAis closely related to the "party |line" concept.
Party |ine provides SA, according to sone people, and will be
lost in a Data Link environnent.

2.4.1.5 A rspace Requirenents.

The difference between the various airspace environnments are
sufficient to require a close exam nation of each and the
specific systens and services for each. The FAA s proposed
aeronautical Data Link evolution in the Tower, term nal radar
approach control (TRACON), and Air Route Traffic Control Center
(ARTCC)/ Area Control Facility (ACF) environnments is shown in
figure 4 (RTCA Paper 177-91). A brief discussion follows on each
envi ronnent .

The oceanic airspace is an area of particular focus by users,

since the benefits of a Data Link will be greatest. Oceanic ATC
should result in reduced separation requirenents, allow for nore
user selected profiles, and permt positive control of aircraft.
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1992 1993 1994 1995 1997 1998 2000
TOWER TDLS TDLS TDLS TCCC
PDC (Phase 1) Digital ATIS TCCC
Digital ATIS Windshear PDC
Windshear
Digital ATIS
TRACON ARTS 3A/3E (NOTE 1) TRT TRT
ToC Toc
IC/TI IC/TI
Alt Assign Alt Assign
Menu Text Menu Text
CommBackup
ARTCC/ACF OCEANIC HOST/OCEANIC (NOTE 2) TAAS ACCC ACCC
ToC ToC IC/TI
Alt Assign IC/TI (NOTE 3)
Menu Text Alt Assign
Comm Backup Menu Text
Weather Comm Backup

ADS (Step 2)

NOTE 1. These services will be provided by a communications front end processor for ARTs which will be in

service in 1995.

NOTE 2. Weather services will be provided by the Data Link processor-build 2 (DLP-2).

NOTE 3. Data Link processor- build 3 (DLP-3) will be placed on line in 1998 and will provided enhanced

weather products.

SOURCE: RTCA Paper 177-91

FI GURE 4.
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The previously nmentioned FAA notives of capacity, efficiency, and
safety can be imedi ately and directly addressed.

Several airlines are active in oceanic Data Link research. The
so-called Pacific Engineering Trials have shown the benefits of
Dat a Li nked position reports. The application of Data Link in

the flight deck of oceanic class aircraft is the next w ndow of
opportunity.

After oceanic Data Link, the next airspace to experience Data

Li nk has not been decided. Controllers seemto advocate the
term nal airspace while pilots wwsh to see the en route airspace.
Bot h groups provide convincing logic, therefore, the issue is
still being debat ed.

Term nal airspace is probably the nost conmunications intensive
and probably wll greatly benefit from Data Link. The major
stunbling bl ocks will be SA head down tine, and |ink delays, to
name a few.

A Data Link systemin the foreign environnent will reduce the
confusion of accents and dial ects.

2.4.2 Scenario Specification.

A data base of both routine and non-routine flight scenarios wll
be necessary to conduct Data Link research. A famly of
scenari os shoul d be devel oped or obtained for future use. The
scenari os shoul d be capabl e of expansion to enconpass the details
required for any given study. A scenario data base should reduce
the effort expended each tinme a new study is proposed. Perhaps
the flight scenarios could be supplied by outside organizations,
e.g., airlines and airfraners. The unusual or non-routine
scenario situations could be gl eaned from ASRS reports and

acci dent reports from NTSB.

2.4.3 Pilot Subject Pools.

A programof this nature wll require that users (i.e., pilots
and controllers) be available to eval uate system designs. A
nati onw de pool of pilots should be established. All categories
shoul d be covered, that is, civilian and mlitary, comercial and
general aviation, new technology ("glass"), and old technol ogy
(figure 4, Aeronautical Data Link Evolution, electromechanical).
Pilots fromall ranks within the commercial airline world should
be solicited, e.g., managenent, line, and engineering/test. The
RTCA organi zation will be consulted and asked to provide
assistance in identifying and selecting pilots and pil ot

or gani zat i ons.
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2.4.4 Human Perfornmance Measures.

This el enent dedicates effort to determning a set of human
performance neasures that are global in nature and can be applied
in all experiments. The resulting list will be published for
coordination wth the FAA HFCC and ot her research organi zations
in the field of aviation human factors.

The intent of the coordination is to gain a consensus of at |east
a subset of neasures so that data fromindependent progranms can
be related in absolute terms. An initial list will be derived
fromthe ATA's human factors issues paper. The initial list wll
i nclude topics such as SA, head down tinme, and human information
processi ng and deci si on nmaeki ng, anong others. Also, neasures

w Il be devel oped to express relationshi ps between pilot actions
and primary, secondary, and tertiary cockpit events. For
exanple, loading a new altitude into the FMS node control panel
(action)) will cause possible thrust setting changes (event), a
clinmb profile (event), and level off at a new altitude (event).
Event deconposition for Data Link transactions is perceived as a
way to study the effects of varying |levels of automation, error
effects and recovery, and relative efficacy of Data Link

i npl enent ati ons.

2.5 CONCEPT EXPLORATI ON.

2.5.1 Formul ate Research Questi ons.

The process of formulating a research question will involve
witing a concise and clear question fromwhich a test plan is
witten around. The question will nost |ikely address one or two
i ssues (see section 2.4.1) relative to a flight deck Data Link
interface of sonme particular specification. The act of
conceiving a research question is one of the nost critical steps
on the research process.

2.5.2 Part-Task Research

This level of testing inplies very basic research, for exanpl e,
paper and pencil inquiries, pilot surveys, and PC- based studies.
This research focuses in on a specific problemor concern. Care
must be taken in generalizing the results since human performance
will likely change in the full task environnment.

2.5.3 Mockup Research

Mockups nmean different things to different people. An
operational definition will be given fromthe FAA Techni cal
Center's perspective. A nockup represents a generic device that
can be configured to functionally represent a cockpit of
particular interest albeit not usually wth the actual equi pnent.
The FAA Technical Center's RCS represents a high | evel nockup.
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The FAA Technical Center GAT also will provide a high |evel
nmockup capability--or a low | evel simulator capability. As the
name inplies, the GAT allows the FAA to conduct research in the
general aviation area.

2.6 DEMONSTRATI ON AND VALI DATI ON.

2.6.1 Sinmulator Research

Agai n, simulation nust be defined to maintain a conmon
understanding. A sinulator is generally a fixed configuration
or type of aircraft, e.g., B-737, either fixed or noving base.
The equi pnent is actual or sinulated flight hardware. Qut-the-
w ndow vi sual s are avail able on higher fidelity sinmulators. The
FAA descri bes seven levels of simulators in appendi x A of

Advi sory G rcul ar 1209-45A. The FAA Technical Center is
establishing a worl dwi de network of sinmulators that, if

required, can be linkedto ATC sinulation facilities at the FAA
Techni cal Center.

2.6.2 Flight Test Research.

Flight testing will involve FAA project aircraft and, later in
the i nplenentation process, actual airline aircraft.

The augnentation of voice with Data Link involves several
aircraft-specific issues. Exanples include avionics systens
integration, flight crew interaction, enmergency and error
recovery, and cl earance negotiation based on aircraft
performance. Simlarly, airspace systemissues such as SA,

si mul t aneous mul ti pl e approaches, and preferred routing anong
m xed performance aircraft dictate studies using type specific
aircraft or aircraft sinulators.

In the evolution of ATC, the controlling body has been not only
the primary source of situational information, e.g., weather and
traffic, but also had ultinmate control over the pace at which
informati on was delivered. Control pace per aircraft and rhythm
anong several aircraft caused the party line, and nore
inmportantly, kept pilots and controllers in a common nental
framework or context. As aircraft nake increasing use of
automation, situation information wll be derived fromdiverse
el ectronic sources, which may arrive in clusters triggered by
uncorrel ated external events and possibly w thout controller
knowl edge or intention. Critical problens to be studied include
the separation of pilot-controller nmental context and unmanaged
i nformation | oadi ng.

The testbed required to study this context problemis a cockpit
wher e aut omat ed systens including Data Link may be progressively
added (perhaps in a pick and choose fashion) to anal yze the
informati on | oadi ng and systeminteraction.
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The inplenentation of Data Link into the NAS has rai sed several
research issues relative to the flight deck

3. DI SCUSSI ON OF EVALUATI ONS.

A gl obal roadmap and schedul e of research efforts is di agrammed
in figure 5. This roadmap focuses on all levels of testing
except the lowest level, that is, desktop or part-task |evel.
Part-task research is normally a last mnute activity to satisfy
an i medi ate need or respond to a "fast track"” programand is not
easily predicted. It is envisioned that part-task research wll
al so be conducted to prepare for nockup and flight test projects.

The lower half of the figure shows the activities in which the

ai rborne and ground research groups at the FAA Technical Center
have joint evaluations planned. These joint tests address the en
route, termnal, and interfacility environnment. The upper half
of figure 5 describes the airborne group's independent
initiatives. Research will be conducted in en route, termnal,
and oceanic environnent. ATC functionality will be sinulated to
the level required to permt realistic examnation of the flight
deck issues. The goal of this independent research is to prepare
for joint testing and to exam ne flight deck issues that are
general |y i ndependent of the ATC area. An overall chart
identifying the interdependenci es between the various research
efforts is shown in figure 6.

The previous sections identified the various |levels of research
ranging frompart-task to flight tests. Although not
specifically detailed in the programschedule (figure 5), part-
task |l evel research wll be used primarily to investigate
formatting i ssues of candidate Data Link services. This can be
done in the absence of any ATC simulation. System|evel issues
such as crew controller expectations and pilot SA are best

eval uated in a sinmulator environnent setting. However,
performance indices, test netrics, etc., for assessing system

| evel issues can be examned in part-task or nockup |eve
research prior to conducting sinulator |evel research

Resul ts gathered from part-task/concept devel opnment efforts wll
feed into the major nockup evaluations identified in the program
schedule (RI-R8). In turn, the results fromthe nockup

eval uations will feed into the sinmnulator eval uations.

3.1 MOCKUP AND S| MULATOR EVALUATI ONS.

The followi ng sections will describe in general the planned
nockup eval uations. Figure 6 outlines the connectivity of nockup
| evel evaluations with en route, termnal, interfacility (FAA
Techni cal Center Aeronautical Data Link Research Plan, 1992), and
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flight test level research. The first four evaluations are
desi gned such that they feed into the schedul ed sinmulator flight
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FI GURE 6. AERONAUTI CAL DATA LI NK RESEARCH DEPENDENCI ES
testing. To the extent possible, test objectives and issues
identified for sinmulator tests will be fully nmet in the nockup
eval uati ons.

The primary objective froman ATC perspective is the devel opnent
of controller Data Link interfaces that work cooperatively with
the new ground systemfacilities, such as the Interim Sector
Suite System (I SSS) and ACF. Froma flight deck perspective,

t hese new ground systens may or nmay not result in additional Data
Link service capabilities. It is fromthe systens point of view
that the operational benefit of such systens can be realized. For
exanpl e, the AERA Autonmation Systemis expected to exploit nore
fully the present capabilities of flight managenment systens. This
may provide, for exanple, nore fuel efficient routing, and

addi tional service capabilities. In general, know edge gai ned

t hrough revi ew and assessnent of ground systens has a direct

i npact on the devel opnment of flight deck Data Link interfaces.

The RCS will be the primary aircraft sinmulation tool in
conducting these evaluations. ATC sinmulation will be provided by
t he FAA Technical Center Human Factors Laboratory. Each source
w Il be designed to be adaptable to all airspace environnents,

i ncludi ng oceanic. Wile the RCS can mmc alnost all aircraft
types, the focus will be on "glass" cockpit transports. The
first four studies depict such an arrangenent. As a rule, each
eval uati on nmakes reference to an aircraft type configurable in
the RCS. Were not specifically stated, the configuration is
subject to the present research interests.

It is also the intent of this plan to include el ectronmechani ca
type aircraft and general aviation (GA) type aircraft. \Were
possi bl e, el ectromechani cal and GA designs w il be generalized
fromother designs used in the RCS. In addition, further part-
task and concept devel opnment exercises will be enployed inthese
envi ronnent s.

In the follow ng sections are descriptions of the evaluations to
be conducted in the RCS. Activities R-4 wll be considered as
preparatory dry runs for later use in the higher fidelity

si mul at or eval uati ons.

a. Activity RL. The RCS will be configured as a B-747-400 in
whi ch the FMS serves as the Data Link device. The FMS as a Data
Link interface is a result of a survey of the air transport fleet
and expected display device for the B-747-400 aircraft (Ponykacz,
1991). A scenario with a normal |evel of workload wll be
designed. The scenario will consist of a md-air initialization
over the Pacific Ccean with transitions to enroute and term nal
airspace on into landing. Digital Automatic Term nal |Information
Service (ATIS), weather, wind shear alerts, the initial en route,



and termnal services wll conprise the service set. ATC
simulation (Virtual Applications Prototyping
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Software (VAPS), Human Factors Lab) will include netering and
spaci ng tools.

Precedi ng part-task/concept devel opnent, exercises wll be used
to optimze nmenuing and format design; the formats and nessage
content will conformto standard Aeronautical Radio, Inc. (AR NC
739 characteristics. For this evaluation, ATC clearance
informati on, such as altitudes, headings, and speeds will require
normal crew procedures. Later evaluations will enploy automatic
forwarding to node control and flight director systens.

b. Activity R2. Future air traffic nmanagenent (ATM systens
wi |l provide direct exchange of information (digital Data Link)
between aircraft FM5' s and ground based ATM conmputers. This
concept will exploit nore fully the capabilities of present
generation FMS s.

One research question of interest is the crew s |level of

i nvol venent in exchange of Data Link information with the ground
ATM and FMS systens. The |evel of involvenent may increase or
decrease as conpared to current crew workload | evels. This
evaluation wll investigate procedural and SA issues resulting
fromthis increased | evel of automation under oceanic, en route,
and term nal environnents.

The Data Link design philosophy of the B-777 lends itself to the
study of various automation issues. The RCS will be configured
as a B-777, conplete with cursor control device, |ower and upper
engi ne informati on and crew al erting displays (EICAS), and FMS' s
The study of the B-777 design provides additional data on the
various control devices that may be used in responding to and
accessing Data Link related informati on. The sane scenario and
service set used in activity R will be used in this eval uation.
Addi tional services identified in the research community that use
the automation capabilities of the FM5's will be al so addressed.

c. Activity R3. During the latter half of fiscal year 1993
and the beginning of the first quarter of 1994, preparatory part-
task studies will be conducted to explore various human interface
design issues. The studies will be germane to the expanded Data
Link service sets as a result of the Host/ISSS production build.
For further information on the Host/ISSS build, see the ground
ADL research program

Al so expected in this tine frame is the addition of a second RCS
to the flight deck Data Link testbed. The second RCS wll be
outfitted with a "side-stick™ controller, representative of an
Ai r bus- 340.

The aircraft configurations will be the Boeing-757/767 and an
Ai rbus-340. The scenario will begin with a md-air
initialization over the North Atlantic with transitions to en
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route and term nal airspace. Crew coordination as a result of
scenari o induced errors wll be eval uat ed.

d. Activity RA. In order to effect an evol uti onary approach,
current Data Link services are considered normal routine
cl earances. A research question may be whet her energency/fli ght
critical information can be conveyed rapidly enough to the crew.
Crew coordi nati on and human interface designissues as a result
of receiving energency information wll be addressed in this
eval uation. The B-777 (Activity R2) and Al rbus-340 (Activity R3)
configurations will be enployed in this eval uation.

e. Activity R5. As discussed earlier, the arrival of AERA
will provide direct routing and fuel efficient profiles that
shoul d i ncrease capacity of the NAS. Future FMS5's w il have
four-di mensi onal navigational capability. The result of the AERA
technology will tap nore fully the capabilities of the FMS.

A nmeasure of the effectiveness of such systens will be eval uated
in an RCS "glass" cockpit configuration. The increased |evel of
automation may result in the so-called "too quiet"” flight deck,
and, over prolonged periods of time, may result in proficiency
loss in the event of Data Link failure.

Eval uation of AERA in a Data Link environnment will be conducted
in two phases. For Phase |, concept devel opnment exercises wll
i nvestigate potential designs to conpensate for |oss of party
line informati on. The second phase will be discussed in the next
secti on.

f. Activity R6. Phase Il evaluation wll focus again
primarily on the loss of the party line but, perhaps, integrate
ot her cockpit technol ogies. For exanple, TCAS could be
integrated with Data Link in the term nal environnent to possibly
aid flight crews awareness.

g. Activity R7. An advantage of today's voice network is
that the party line provides advance notice to flight crews on
potential weat her phenonena ahead. Knowi ng this information
ahead of tine, the crew can expect anended-cl earances to divert
around potentially hazardous weather. To conpensate for the |oss
of the party line, graphic depiction of real tine weather
information forwarded to the cockpit through Data Link and/ or
provi ded by onboard i nproved weat her sensors can provide that
information to the flight crew In addition, the concept of
"sensor fusion" will assiml|ate avail able sensor information to
provi de the nost conplete best picture of weather.

This evaluation w |l address the advantages/di sadvant ages of Data
Li nked weat her information. Various depictions of weather
t hrough textual, graphic and conbination of both wll be
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eval uat ed. In addition, Data Linked weat her absence of
addi ti onal onboard sensor data will be eval uat ed.
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h. Activity R8. Alaskan Airlines presently uses a Head-Up
Display (HUD) in their B-727 fleet operation. Wth Data Link,
t he anobunt of head-down tine beconmes an inportant issue and is
often the subject of nuch debate. Perhaps with a HUD, Data Link
i nformati on can be conveyed to the pilot crew, responded to, and
forwarded to appropriate cockpit systens without resorting to

"l ooki ng down." For exanple, Data Linked altitudes could be
di spl ayed as a marker bug on the altitude tape. Concept studies
will investigate design issues prior to full nockup eval uations

using a sinmulated HUD/ Dat a Li nk displ ay.
3.2 FLI GHT TESTS.

The FAA Technical Center will, over the next five years, take a
progressive role in the area of flight testing proposed Data Link
cockpit interfaces. Enploying FAA project aircraft, efforts wll
be focused on exam ning crew response to Data Link during test
flights. The increase in the capability of the air-ground
communi cations link will expand the effectiveness of the flight
tests.

During the next two to three years, the avionics devel opnent
activities will be ainmed at creating an integrated flight deck
interface and conmuni cations test facility. The goals of this
facility are:

a. To provide a neans to test air-ground comruni cations
network interoperability.

b. To offer a platformon which experinental cockpit displays
and crew interfaces can be reali zed.

c. To integrate the above two goals, thus, providing aflight
package that can support Data Link research and operati onal
denonstrati ons.

The followi ng sections describe the proposed capabilities of the
test facility and associated flight tests.

a. Activity FIl. During FY93, the technical aspects of the
Mode S conmmunications link will be validated. This work wll
validate the material of the International G vil Aviation
Organi zation (I CAO) Airborne Data Link Processor (ADLP) Suggested
and Recommended Practices (SARPS). These SARPS wi || be brought
to a vote during the sunmer of 1993. The nore testing a proposed
I ink has experienced, the less likely there will be techni cal
"snags" in its adoption.
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Mode S Data Link testing began in the fall of 1991 with the first
flight test. This test consisted of a production Data Link
Processor (DLP), build 1 (DLP 1), production Mdde S sensor, and
commercial Data Link avionics. These tests continued in the

| aboratory throughout early 1993, culmnating with flight test
support of the FAA Technical Center DLP 1 site acceptance test in
the spring of 1993.

A cockpit interface is being designed to contain a software

i npl enentation used in the Novenber 1992 operational eval uation
of termnal services. Also included in the design is the DLP 1
weat her service capability. A flight certified display, procured
to support the Novenber operational evaluation simulators, is
bei ng considered for this interface. Several noncertified PC
styl e screens have already been installed in the cabin of project
aircraft, but this will be the first attenpt at installing a Data
Link display in the cockpit. This step will provide researchers
with the opportunity to see howthe flight crewinteracts with
initial Mode S applications.

An interface between the ATC Data Link Test Facility and one or
nmore Mode S sensors will provide the neans for controller test
subjects to interact with the FAA project aircraft flight crew
Flights will occur in a nearby warning area and wll be
coordinated with air traffic.

The i npl ementation of the avionics package for Mode S term nal
services support began in the first quarter of FY93. DLP 1
support was needed t hrough March 1993, while Mdde S term na
services will be available by the end of 1993.

b. Activity F2. FAA' s continued support of the Aeronauti cal
Tel ecomruni cati ons Network (ATN) project will becone a val uable
resource during this period. Efforts are currently underway in
the integration of Mode S and satellite subnetworks into the ATN
arena. An airborne internetwork router is being devel oped to
gat her data about the internetwork characteristics and
limtations. This router, its Mode S and satellite subnetwork
connections and appropriate applications, ADS, two-way Satellite
Communi cations (SATCOM), term nal ATC, and weat her services, to
name a few, will becone an essential part of the integrated Data
Link test facility.

The results of the previous years Man-Machine Interface (MM)
cockpit sinmulator research pertaining to format, syntax, content,
and procedures will be the focus of the cockpit display
integration effort. Displays and equipnment in precertification
configurations will be supplied by avionics vendors for flight
testing. Electrical interfaces to this equipnent wll be
accomodat ed by the test facility. Characteristics of prototype
and vendor equi pnent wll be determ ned and nodified for optinum
efficiency.
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The interface to the satellite avionics started in March 1993.
The prototype router is scheduled for initial functional testing
in Septenber 1993 and the ATN build 1 schedule reflects ATN
flight tests begi nning January and extendi ng through May 1994.

c. Activity F3. As Data Link becones nore a part of everyday
donestic and international flight, nore products devel oped by
avionics vendors wll appear. This equipnent isrequired to be
certified before it is flowmn. Results of previous Data Link
experinments will be invaluable in aiding the certification effort
for both the FAA and vendors.

Mode S interrogators are planned for installation in the
continental United States (CONUS) during the 1994-95 tine frane.
By this time it is expected that several Data Link applications
will be supported. A limted installation programof 20 to 30
commercial air transport aircraft is proposed. |nteroperable
Data Link systens, supporting gatelink, satellite, Aviation
Packet (AVPAC), Mdde S, and standardi zed routing, avail able from
manufacturers, will be installed on these aircraft. Traffic data
will be recorded at a centralized |ocation, with the
characteristics of this traffic available for further data
reducti on and anal ysis.

3.3 RESEARCH. | SSUES AND THE NATI ONAL PLAN.

In developing this Data Link human factors research plan, an
attenpt was nmade to identify all the critical conponents and
factors. A mjor goal was to develop a five-year plan that
addressed the inportant issues defined by the various governnent
and i ndustry groups and al so addressed the requirenents set forth
in the National Plan for Aviation Human Factors. Table 4
contains a conformance matrix that |inks research activities to

i ssues and to National Plan requirenents.

4. RESOURCE REQUI REMENTS.

Personnel and equi prent are provided for through the program
directive process. FAA personnel are accounted through Personnel
Conmpensation & Benefits funds, while non-FAA personnel and

equi pnent are funded through contract dollars. Contract dollar
fundi ng can be R&D or F&E.

Travel funding is provided through FAA Techni cal Center

all ocation for routine project personnel travel. Unique
requi renents such as travel for large groups (e.g., 10-20) of
FAA, non-Technical Center personnel are funded by contract
dol | ars.
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TABLE 4. EVALUATI ONS CONFORMANCE MATRI X

Human Factors National Pl an

Schedul e ATA | ssues Nuneri cal Fl i ght Deck Project No.
Activity Ranki ng Ref er ence

R 1,2,3,5,6, 27, 31, 34, 36 1.1,1.2,1.3,3.3,4.1,5.2,6.2

R2 6,11, 12, 14, 15,17,20,22 1.1,1.2,1.3,3.1,4.1,5.2,6.2

R3 1,6,12, 14, 15, 17, 23, 27, 1.1,1.2,1.3,3.1,3.3,4.1,5. 2,
34, 36 6.2

R4 1, 6,12, 14, 15, 17, 20, 21, 1.1,1.2,1.4,3.1,3.3,4.1,5. 2,
23, 24, 27, 31, 34, 36, 37 6.2

R5 1, 2,5, 11, 14, 15, 17, 18, 1.1,1.2,1.4,3.1,3.3,4.1,5. 2,
20, 22, 23, 27, 31, 36, 41 6.2

R6 1, 2,5, 11, 14, 15, 17, 18 1.1,1.2,1.4,3.1,3.3,4.1,5. 2,
20, 22, 23, 27, 31, 36, 41 6.2

R7 1,5, 10, 15, 16, 17, 20, 22 1.1,1.2,1.3,3.1,4.1,5.2,6.2
34, 35, 43, 44

R8 2,5,10, 14, 15, 17, 19, 20 1.1,1.2,1.4,3.1,3.3,4.1,5.2
24, 30, 34, 39, 41, 44, 45 6.2

F1 1,2,5,6,10,11,12,26,27 1.1,1.2,1.3,3.3,4.1,5.2,6.2
28, 29

F2 1,2,5,6,10,11,15,17,20 1.1,1.2,1.3,3.3,4.1,5.2,6.2
, 23,25, 27, 28, 29

F3 1, 2,5, 6,11, 18, 21, 27 1.1,1.2,1.3,3.3,4.1,5.2,6.2

Program tracking and control is acconplished by periodic progress
summari es that report work acconplished, action itens conpl eted,

probl em areas, coordination with industry groups, and attendance
at conventions, shows, or denonstrations. The ternms of tracking
instrument can be stipulated in the programdirective.
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APPENDI X A
FLI GHT DECK ENVI RONMENT RESEARCH DOVAI NS

Domain 1 - Autonati on/ Advanced Technol ogy. Control and D spl ay

Desi gn.
Proj ects.

Human Cent ered Aut omati on Concepts and Tool s
Intelligent, Error Tolerant Aircraft Automation
Aircraft Situation and Environnent Managenent

I ntegration of Advanced Automation in Aircraft

Domain 2 - Aviation System Safety Monitoring Capability.

Proj ect s.
Crew and System Perfornance

Domain 3 - Basic Scientific Know edge of Human Perfor mance
Fact ors.

Proj ect s.

Operationally Induced Stressors
Fl i ght Deck Environmental Stressors
Soci 0- Organi zati onal Influences on Flight Crew Performance

Domain 4 - Human Performance Measurenent.

Proj ect s.
Al rcrew Perfornmance Measurenent

Domain 5 - Training and Sel ecti on.

Proj ects.

Pilot Selection
Pilot Training

Domain 6 - Certification and Validati on Standards.

Proj ect s.

Personnel Certification
Equi prrent Certification
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APPENDI X B
Al R TRAFFI C CONTROL (ATC) RESEARCH DOVAI NS

Research Domain 1 - ATC and Human Perf or mance.

Proj ect s.

Descri ption and Measurenent of Controller/ Team Job Perfornmance
Appr oaches to Enhancenents of Controll er/ Team Performance

Research Domain 2 - Inpact of Automation on Controllers and ATC
Teans.

Proj ect s.

Ef fects of Increased Automation of ATC Functions
Ef fects of Changes in Managenment of ATC Information
Ef fects of New Ergonom c Designs for ATC

Research Domain 3 - Selection, Training. and Certification of
ATC Per sonnel .

Proj ect s.

Sel ecti on of ATC Personnel

Research to Assure Appropriate Training of ATC Personnel
Training for Transition to Automated ATC Systens
Certification of Air Traffic Personnel

Research Domain 4 - Safety Monitoring of ATC Activities

Proj ect s.

| nci dent Reporting
Real - Time Monitoring of Controller/Sector Activities
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APPENDI X C
FLI GHAT DECK/ Al R TRAFFI C CONTROL ( ATC) | NTEGRATI ON PLANS

Plan 1 - Enhance Flightdeck/ ATC i nformati on Transfer and
Managenent .

Goal s.

Revi ew | ssues

Determ ne Alternative Approaches
Determne Criteria

Eval uate Alternatives

Determ ne I nplications

Select and Prioritize

Devel op Approaches

Eval uate Alternative Approaches
Devel op Sel ected Approach
Participate in Acquisition

Plan 2 - Decrease Frequenci es/ Consequences of Flight
Deck/ ATC Err or s.

Goal s.

Define Errors

Devel op and Eval uate Measures

| dentify Causes

Det erm ne Frequenci es/ Consequences
Devel op Means to Detect Errors
Devel op Approaches

Eval uate Alternative Approaches
Devel op Sel ected Approach
Participate in Acquisition

Plan 3 - Determ ne Appropriate Allocation of Authority and
Functions Between Flight Deck and ATC.

Goal s.

Defi ne | ssues

Determ ne Alternative Al ocations
Determne Criteria

Eval uate Alternatives

Determ ne I nplications

Select and Prioritize

Devel op Approaches

Eval uate Alternative Approaches
Devel op Sel ected Approach
Participate in Acquisition
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Plan 4 Devel op Required Methods, Tools, and Qui deli nes.
Goal s.

Revi ew Pl ans 1-2

Revi ew Avai |l abl e Met hods and Tool s
Determ ne Alternative Mans
Determine Criteria

Evaluate Alternatives

Devel op Met hods and Tool s

Prepare Qui del i ne Docunents
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APPENDI X D

COVPARI SON OF Al R TRANSPORT ASSCCI ATI ON (ATA), RADI O TECHNI CAL
COWM SSI ON FOR AERONAUTI CS (RTCA), AND SOCI ETY OF AUTOMOTI VE ENG NEERS ( €
DATA LI NK | SSUES LI STS

Table D-1 shows where conmon issues exist between the three organizations. In
table D-2 are issues contained in the ATA list but not in either the SAE or
RTCA lists. Table D-3 lists issues contained in the SAE |ist but not in either
the ATA or RTCA lists and finally, table D-4 shows issues contained in the
RTCA list but not in either the SAE or ATA |li sts.

TABLE D-1. DATA LI NK REQUI REMENTS REFERENCED BY THE ATA,
SAE, AND RTCA DOCUMENTS (SHEET 1 OF 2)

REQUI REMENT ATA SAE RTCA

General

Saf ety

M xed Servi ces

Backup Communi cati ons

X X[ X[ X

Fl i ght path Contr ol

Procedures

Error Checking

X[ X| >
x

"Unabl e" Response

X X[ X[ X

Multipart C earances

Error Management

Data Integrity

x| X
x
x

ror Trappi ng

Human-Computer Interface

O O N B B W[ W] Wl W W[ NNNN

.0
.1
.3
.5
.6
.0
.1
.2 Flight Crew Response Tine
.3
.4
.0
.1
Er
.0
1

1 Interference with other
Responsibilities

5.1.2 Display/Control Conpetition

. 1.3 Shared Resources and Flight
Crew Control Coordination

5.1.6 Pilot Interference with
each ot her

Revi ew Bef ore Sendi ng

Head Down Ti ne

Head Away Ti ne

O|o| 0~

I nput Response Ti nes

.12 Control Over System Functions

.13 Sinplicity of Control Actions

.1 Msleading Information

.5 Abbreviations and Acronyns

.7 Standard Synbol ogy

.8 Free Text

o1 e o) on) o7 Gf G oy Oy O

W W W W | N N N N Nof N

XX XXX XXX X[ X XXX [ X | XX
XXX IXIX[ XXX XXX
XX X[ X [X]X] | X] X

.10 Wording
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TABLE D-1. DATA LI NK REQUI REMENTS REFERENCED BY THE ATA,

SAE, AND RTCA DOCUMENTS (SHEET 2 OF 2)

REQUI RENMENT ATA SAE RTCA
5.4.1 Alr Traffic Service M xes X X

Fl'i ght Deck Functions X X
5.4.3 Di stracti ons X X
5.5.3 Distinction of Alerts X X
5.5.4 Fli ght Phase Inhibitions X X X
5.6.1 Response Facilitation X X X
5.6.2 Di spl ay D spl acenment X X X
5.7.1 Aut omat i ¢ Messages X X X
5.7.2 Log Content, Organization

and G oupi ng X X X
5.8.1 Servi ce Determ nation X X X
5.8.2 Controller Indication of

Aircraft Data Link

Capabilities X X
5.8.3 Qperator Indications of

Dat a Li nk Status X X X
5.8.4 Controller Indications of

Sector Status X X
6.0 Situation Awareness

Management
6.1 Data Link Party Line X X X
6.3 Message Age X X
6.4 Interference Based on

Characteristics of the X X

Communi cat i ons
6.5 Pi |l ot/ Control Shared

Si tuati on Awar eness X X
6.7 Dat a Fusi on X X
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TABLE D-2. REQUI REMENTS I N ATA NOT REFERENCED BY SAE OR RTCA

ATA REQUI REMENTS
.0 General
2 Managenment of Varying Levels of Data Link Capabilities
4 Ur gent Conmuni cati ons
.0 Procedures
5 Message ldentification

.0 Error Management

Error Recovery

4 Error Notification, Recovery, and Message Prioritization
5 Closely Spaced Sequential Messages
-0 Human-Computer
nterface
Mode Errors
Suspended Operati ons
Feedback

Ease of Use vs. Error Protection

Error Messages

Speech Synt hesi s

Mil tiple Entry of Paraneters

Dat a Conpari sons

Data Availability

Gr oupi ng

Codi ng

Preci si on

Preformatted Data Fi el ds

Graphi cs

Conver si ons and Extrapol ati ons

[EEY

Consi st ency Between Environnments

Level s of Urgency

Enmer gency Messages

| ol ol ol el onf el el ol ol | el ol el anf ol anl ol e s ]| s 0] Lol M| [ N

t
1
1
2
2
2
2
2
2
2
2.14
3
3
3
3
3
3
5
5
6

WIN| || OO BWIN

Data Entry fromthe Message Log into the Flight Guidance
System

6.0 Situation Awareness
Management
6.2 Critical Weather Information
6.6 Controller D splay of Message Response Status
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TABLE D- 3. REQUI REMENTS | N SAE NOT REFERENCED BY ATA OR RTCA
SAE REQUIREMENTS
2 Sel ection of Information Sources
3 CGui del i nes for Communi cati ons Procedures
4 Proficiency Loss due to Data Link Uilization by Both Pilot and

Controller

13 Det erm ne the Workl oad I nmpact of the Data Link |Inplenmentation
18 "Public" Access to Data Link Info ("Privacy")
20 The I npact of Information Requirenents on System Architecture
21 Pronoting a "Too Quiet" Flight Deck

TABLE D-4. REQUI REMENTS I N RTCA NOT REFERENCED BY ATA OR SAE

RTCA

REQUIREMENTS

1.0 Purpose and Scope

(Assumptions)
1.3.2 ATSDLC System Assunpti ons
1.3.3
a, b, e Servi ce Assunpti ons
1.3.4
b,c.e Pil ot Procedural Assunptions
1.3.5 Control | er/ Operator Procedural Assunptions
2.0 Equipment Requirements
2.1 Pilot Alerting
2.2 Message Di spl ay
3.0 Airplane Application
Requirements
3.1 Gener al
3.2 Application Priority
3.3 Application Acknow edgment
3.4.a Pilot Alerting
3.6 Pi | ot Response
a-d
3.7 Message Handl i ng
a, b, d
3.12 Ti mers
4.0 Ground System
Application
4.1 Gener al
4.2 Application Priority
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TABLE D- 4.

REQUI REMENTS | N RTCA NOT REFERENCED BY ATA OR SAE (SHEET 2 CF 2)

RTCA

REQUIREMENTS

Application Acknow edgment

Control | er/ Operat or Responses

~N| O W

Message Handl i ng

I ndi cators

Ti mers

WIN|O|T
(9]

Reporting

Outstanding Issues

Pi | ot Procedural |ssues

Control | er/ Operator Procedural |ssues

Negot i at i ons/ Responses

M ni mum Capabi lity

Message Di spl ay

Application Software Criticality

Cl earance Status

Sequential C earances

Control I er/ Operator Alerting

ol ol ol ol el onf ol 1l ol 1| | A B
B B[] 00l | vl wl wl ]| O i

WINf RN BN -

Syst em Maxi mum Response Ti nmes
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